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Abstract 
In order to study fire extinguishment additives which are no pollution and few damage on object protected, establish a fixed 
water mist fire extinguish experiment platform, explore the temperature variation characteristics and flam shape by adding 
surfactant on water mist for the pool fire suppression, though the comparison with the flame temperature and extinguish time of 
gasoline and diesel pool fire, get their fire performance. The results show that adding surfactant to the water mist can greatly 
improve the water mist fire performance. The process of additives-containing water mist system inhibit the pool fire can be 
divided into four stages, which are flame early growth stage, preliminary inhibition stage, flame again growth stage and again 
inhibition stage. The mechanism of containing a surfactant water mist inhibit the pool fire of gasoline and diesel, which can 
capture and annihilate the free radical of chain reaction, decrease surface tension, not simply cooling effect. The surfactant 
molecules reduce the energy of surface and interface, which is good for the descent of water mist droplet size, the emulsification 
of surface gasoline with water and the formation and stabilization of foam, improve the effect on the cooling and isolation of 
fame and gasoline with water mist. 
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1. Introduction 
Casualties and property losses caused by fire seriously hinder the social economic development . Advanced 
disaster prevention and control methods are effective means of reducing casualties and property losses. Water is 
most common extinguish agent. Since the environment impact of fire extinguish agent of alkyl halide, carbon 
dioxide is serious and increasing attention to environment protection, water as an fire extinguish agent receives 
attention again. Water mist fire suppression system is an fire suppression system which can make use of various 
chemical and physical properties of water, having no environmental pollution(no loss of ozone layer and dose not 
produce the greenhouse effect), low water consumption, low cost fire medium and small destructive of protected 
object etc. Though water mist can slow down the burning rate and the flam burning rate in the fire extinguishing 
procedure, and control and even extinguish a fire, however, the fire extinguishing procedure still belongs to physical 
fire extinguishing procedure and the fire extinguishment efficiency is lower than other chemical fire extinguish such 
as halons,thus having limitations in usage. 
   At present, there are already alkali salt, binder, ferric salt, ammonium salt, surfactant, foam etc. additions 
applied to water mist fire extinguish system [1-5].Although these additions can advance the fire extinguishing effect 
of water mist,but having negative function to environment or human. Therefore, they have great restrictions in the 
application area. In order to further advance the fire suppression effect of water mist, people propose the use of 
composite additives. Shou-Ping H etc. have studied the effect of composite additives improving water mist fire 
performance in the process of extinguishing, and the result shows that time obviously becomes short after using 
additions, adding a certain amount of composite additives can obviously improve the extinguish effect [6-9]. Xu 
Minggao etc. have studied selection principle, classification, explosion suppression property of additions in detail 
[10-15]. Although these studies all involved in additive of surfactant, by far there is still relatively few such research, 
especially the research of surfactant additives which is friendly to environment and harmless to human. These will 
increase greatly the fire suppression effectiveness of water mist, and have great significance and impact on water 
mist fire suppression technology and fire prevention work.  
2. Experimental device 
The size of large space fire lab is 28 m × 20 m × 24 m in open space, which compared with limited space, owns 
ample oxygen and has a wider range of applications. When performing experiment, the environment temperature in 
the large space is 20 ć, and relative humidity 60%. 
(1) Preparation for experiment 
   The oil pan scale of this pool fire experiment, according to GB4351.1-2005, is 8B in testing extinguishment 
experiment of fire of kind of B. The diameter is 0.58m and internal deepness 0.15, wall thickness 2mm, namely, the 
approximate fire area is one quarter meter square. Add 3L water first into the oil pan. Then add 5L gasoline or diesel 
oil (with 100mL gasoline to ignite). The precombustion procedure lasts for 60 seconds and 90 seconds to diesel oil. 
The water mist nozzle of the extinguishment is located at 1.8m right over oil pan. A successful extinguishment is 
defined as in 60 seconds after fire extinguished, if there is no recrudescence and still some oil left in the pan. 
  As the test equipment, there should be certain safety distance between infrared thermal imager and oil pan. The 
thermocouple lies right over the oil pan 0.3m, 0.5m, 0.7m, 1m, 1.5m, 2m respectively and connects distributed 
computer and data acquisition instrument. The experiment device can be seen in Fig. 1, which includes water mist 
system,temperature measurement system and video and image acquisition system. Water mist system contains 
pumps, liquid storage tank, pressure reducing valves, pressure gauges, flowmeters, nozzles and stent while video 
and image acquisition system involves the infrared thermal imager. 
(2) Experiment of fire extinguishment additives 
The extinguishment additive used in this experiment are mainly water and additive solution containing surfactant 
with 5% proportion produced in lab. Its pH value is 7.1 and main component is a merge of various surfactants. The 
surface tension is 32dyne per centimeter square and specific weight 1.102. In addition, there is light flame retardant. 
The additive decreases surface tension of water by atomizing water at nozzle, thus realizing full cover over fuel. The 
particles with high molecule weight it contains can capture and annihilate free radicals in chain reaction and inhibit 
such reaction, finally to extinguish fire fast. 
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The fire extinguishment additives we used in the experiment includes water and self-made additive of surfactant. It's PH value is 7.1 and it 
was made by a consist of  multiple additive surfactant, surface gravity is 32 dyn/cm2, specific gravity 1.102. 
Fig. 1. Schematic of water mist fire suppression system. 
 (3) Water mist nozzle 
   The water mist nozzle is tested by LSA laser particle size analyzer at the condition that working pressure is 
3MPa, Dv0.9 232.71μm, flow 5.6L/min, and cone angle of atomization is 120 degrees. The nozzle is 1.8m over the 
pan center during the experiment. The weight distribution of droplet can be seen in Fig. 2. 
 
 
Fig. 2. Weight distribution of R-R model. 
3. Experimental results and analysis 
3.1. extinguishing time 
   Gasoline pool fire and diesel pool fire extinguishing time by different concentrations of test agents shown in 
Table 1. 
Table 1. Gasoline pool fire and diesel pool fire extinguishing time by different concentrations of test agents. 
No. 
Extinguishing 
species 
content˄%˅ 
Vanishing gasoline fire time
˄s˅ 
Vanishing diesel fire time 
˄s˅ 
1 Water ü 46 39 
2 Composite additives 5 31 20 
  
As can be seen from the extinguishing time: the use of additives can significantly enhance the ability of water 
mist fire extinguishing system. 
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3.2. Flame temperature change 
   Fig. 3 and Fig. 4 are fire flame changing when respectively using pure water and additive solution with 5% 
surfactant to suppress pool fire with gasoline and diesel. As can be seen, after water mist releasing,the fire 
temperature would decrease rapidly and then rise. Again, it lowers down quickly till fire extinguished. The 
temperature changing during all the experiment procedure can be divided into two stages. The first is fire developing 
stage before water mist releasing,corresponding to phase a. This is the fire developing stage of pool fire, during 
which flame would develop consistently and the fire temperature rises rapidly. The second stage is suppression 
procedure after water mist releasing, corresponding to phase b,c and d. After that procedure, fire is extinguished 
eventually. The tri-stages during suppression procedure are described as follow respectively. Stage b is preliminary 
flame inhibition during which pool-fire temperature would go down obviously. Flame structure is destroyed and 
flame temperature would decrease to be a relative small value. Stage c is fire-developing. In this stage, there is a 
rising trend of pool-fire flame temperature. The flame would expand and its temperature would hit the maximum in 
all the suppression procedure. Stage d is the second suppressing procedure. The pool-fire flame temperature would 
show a constantly changing trend of rising and decreasing. Meanwhile, fire would constantly leap up and down with 
fluctuation. Finally, fire is suppressed and even extinguished. As also showed in the figures, the fire temperature of 
stage c varies not that obviously when the distance between thermocouple and ground is bigger than 1m. It is 
because water mist suppresses fire developing and thus reduces temperature at a relative high position to be a small 
value. 
 
                                   (a)gasoline                                                                                          ˄b˅diesel 
Fig. 3. The curves of thermocouple temperature in experiment of pure water. 
 
                                     (a) gasoline                                                                                         ˄b˅diesel 
Fig. 4. The curves of thermocouple temperature in experiment of 5% multi component agent. 
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   The usage of additive reduced the time of flame preliminary inhibition stage and flame growth stage (i.e. The 
fig b,c), especially the time of flame growth stage, which improved the extinguishing efficiency. In the early days of 
inhibition process, the cause which resulted the obvious raise of pool fire temperature is the expansive increasing of 
droplet during the process of vaporization which causes thereupon the expansive increasing of combustible steam, 
while the peripheral fresh air incessantly involved in the flame. In this process, the violent mixture of combustible 
steam and air promoted the sudden increase of the contact area of the fuel and oxygen, thus resulted the obvious 
increase of the pool fire temperature. The again inhibition stage will last for some time, and the length of duration 
time is determined by the atomization effect of water fog and the action effects of additives. The usage of additives 
can obviously reduce the flame temperature and effectively inhibit the development of flame. 
3.3. Flame morphology change 
  The study also analyzes the flame shape during water mist suppressing pool fire of gasoline and diesel, as can be 
seen in Fig. 5 . From the figures, we can see that the procedure of water mist suppressing pool fire can be divided 
into for stages, namely flame development stage, preliminary inhibition stage, flame growth stage and second-time 
inhibition stage. At the point of water mist releasing, flame is suppressed and shrinks to oil pan surface. And then it 
inflates violently and expands around. This is in accordance with the temperature change. 
 
 
(a) flame development stage 
 
(b) preliminary inhibition stage 
 
(c) flame growth stage 
 
(d) again inhibition stage 
Fig. 5. The flame thermography of suppression process. 
   Meanwhile, it turns out the releasing of water mist with surfactant has bi-effect. First, the merge of additive and 
water at a certain proportion, it can decreases the surface tension of water and forms wrap system, thus obstructing 
the act between oil steam and supporter of combustion such as oxygen. Second, the additive has particles with high 
molecular weight and can capture and annihilate free radicals of the chain reaction. In combustion reaction, free 
radicals are a kind of molecular group with high energy. These free radicals can have high velocity impact with 
combustible substance in chain reaction and then release energy to prompt reaction and produce more free radicals, 
thereby maintaining the chain reaction. The annihilation of free radicals can inhibit chain combustion reaction. 
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3.4. Analysis of the mechanism of enhanced fire-extinguishing performance 
   By comparing and analyzing fire suppression experiment of the water and surfactant water mist, it’s found that 
the surfactant not only improves the cooling capacity of water mist, also forms foam and emulsion surface layer 
when extinguishing and it still strengthens water mist’s cooling and isolation toward flame, and gasoline. Such 
effects are caused mainly for surfactant improves the physical characteristic of water. 
    (1) From the point of view of surface energy , when water sprays out from nozzle and forms water mist, the 
surface area of the system increases rapidly, and the surface energy also increases. The increased value is the 
product of surface tension times area increment. (2) When the surfactant with amphibious molecular structure is 
added to water, the hydrophilic group and hydrophobic group of the molecule generate opposite effect with water 
which makes the surfactant molecule enriches towards surface of water. The result of such enrichment is water 
surface is covered by surfactant molecule and turns to non-polar from polarity. And the surface tension decreases 
which is beneficial to reduce energy needed during the transition of water to water mist. It can be deduced that 
decreasing surface tension in the same atomization condition can obtain lager surface area and produces smaller 
droplet. (3)the reduce of particle size of droplet enlargers the heat exchange area between water mist and flame and 
improves the heat and mass transfer speed. Besides, it strengthens the capacity of endothermic and evaporative 
which all together leads to a better cooling effect. (4)The decrement of surface tension is good to foam formation 
and slow down the drain age velocity of liquid membrane of foam. Again, it improves the foam stability. The 
emulsion liquid formed by emulsification is a kind of unstable dispersion system thermodynamically. Molecules at 
the interface in such dispersion system endure various forces from different materials. And the imbalance of these 
forces makes their energy higher than that of molecules in the internal phase. In such unstable condition, dispersed 
phase would spontaneously diminish interface area and decrease the system energy by coalescence. (5)When there is 
surfactant in the dispersion system, the surfactant is absorbed to interface between two phases to diminish the 
interfacial energy of the system and decrease thermodynamics instability resulted by enlarging interfacial area. At 
the same time, surfactant molecules would form a dense absorbed-molecule layer which constructs mechanical and 
spatial hindrance to dispersed-phase coalescence to increase its coalescence difficulty and decrease its coalescence 
speed. 
4. Conclusions 
  Taking all results together and the results showed:  
(1) Adding surfactants to water mist can significantly increase the efficiency of water mist fire extinguishing 
system; 
(2) The process that surfactant-containing water mist system inhibits pool fire can be divided into four stages, 
which are flame development stage, preliminary inhibition stage, flame growth stage and again inhibition stage; 
(3) Containing a surfactant water mist inhibits the pool of gasoline and diesel, which can capture and annihilate 
the free radicals of chain reaction, not simply cooling effect; 
(4) The surfactant molecules are adsorbed on the surface and interface of water, reduce the energy of surface and 
interface. It is good to decline the particle size of water mist droplet, the emulsification of surface gasoline with 
water and the formation and stabilization of foam, and it improves the effect of cooling and isolation of fame and 
gasoline with water mist. 
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